The evolution of United States (US) national and federal drought policies is examined, and the relative effectiveness of the hierarchy of federal, state and local drought management programs and practices is evaluated within the context of changing philosophies of water management. While there is no 'national' drought management policy, there is a strong federal policy that attempts to coordinate the management responses of numerous federal agencies. Drought and flood management comprise the key components of assuring national 'water security'. Early 20th century US water resources management was very effective in providing the essential prerequisites of 'water and economic security' through a rapid expansion of water storage capacity, flood control, hydropower, irrigation and conveyance facilities as the basis for a robust national economic development program. Increasing water supply capacity has proven to be the most effective strategic drought management option. Today, federal drought management policies and programs focus mainly on demand reduction strategies, buttressed by a powerful array of environmental regulatory programs that strive to attain sustainable resource use. Climate uncertainty will again require greater focus on supply-side options that increase water supply robustness and resilience, especially in the growing urban areas of the semi-arid west.
Introduction
For the purposes of this paper, the definition of drought used is one derived from the National Study of Water Management During Drought: Report to Congress (IWR, 1995) :
'Droughts are periods of time when natural or managed water systems do not provide enough water to meet established human and environmental uses because of natural shortfalls in precipitation or streamflow.'
The National Drought Study (NDS) Report to Congress is perhaps the most comprehensive technical report on various drought management approaches, practices and lessons learned, based on an accumulation of information from numerous case studies. The study also concluded that the problems in water management during drought are manifestations of problems in water management in general (IWR, 1991) . Just as recessions may reveal weaknesses in the management practices of a company that made money when business was good, droughts reveal weaknesses in water management systems which are hidden in the years when water is plentiful.
The NDS also noted that, in the United States (US), water management problems come not from limited overall supply, but from problems in regional availability, management and usage. Water is not always where people want to use it, and the ways we allocate and use water have not been entirely successful in achieving economic efficiency, equity, and environmental quality. Taken as a whole, the US always has more water than it needs. About 1,400 billion (1,400 Â 10 9 ) gallons of fresh water per day (bgd) is available in the conterminous 48 states. A quarter of that (330 bgd) is withdrawn for all human uses, and most of that is returned to streams. In all but a few places in the US, a year-long drought so severe that it can be expected only twice a century will still produce from one half (50%) to two-thirds (67%) of the average precipitation for the year (IWR, 1994) .
The focus of this paper is on the evolution of drought management policy and practices within the US. It is well understood that the special circumstances of the US do not readily travel as 'lessons learned' to developing nations where droughts are a repetitively occurring and far more widespread destructive factor in constraining socio-economic development than in the US (UN ISDR, 2011). The US has many economic and geographic advantages that are not available to many other nations. Still, there may be equivalent circumstances in many of the southwest regions of the US that can be applied to other comparable situations in other semi-arid nations that struggle with persistent droughts.
On the other hand, hydrologic conditions are relatively similar in Europe, and the European Water Framework Directive (WFD, 2000) does represent a pan-European water resources management policy that includes floods, droughts and water quality aspects. As part of the WFD, the European Commission (EC, 2011) has been tackling the problem of droughts and water scarcity since 2007, and some lessons learned can be transferred to the US, though the policy options proposed are virtually identical to those routinely considered and implemented by US federal agencies and states, albeit in a less than integrated manner. The only difference may be in the relative implementation effectiveness of the EU versus the US in terms of the limitations of their respective legal authorities. Both systems are essentially a collection of quasi-sovereign nations and states, where the EU is closer to a 'commonwealth' or 'confederation', whereas the US is a federal system, where states have considerable authority over water resources management within their respective borders (Kenney, 1997; Abrams, 2009) . Seven policy options were identified by the EC in 2007 for tackling water scarcity and drought issues:
• Putting the right price tag on water • Allocating water and water-related funding more efficiently • Improving drought risk management • Considering additional water supply infrastructures • Fostering water efficient technologies and practices • Fostering the emergence of a water-saving culture in Europe • Improving knowledge and data collection.
An EC (2012) update noted, however, that '(T)he overall objective of the Water Scarcity and Drought (WS&D) policy -to revert the WS&D trends -has not been achieved, even if progress has taken place in implementing the seven policy instruments identified in the Commission's Communication from 2007 . ' In addition, many UN agencies are currently involved with improving drought management in the developing world. UNESCO (2014) launched its International Drought Initiative in 2011, while the World Meteorological Organization (WMO), the United Nations Convention to Combat Desertification (UNCCD), the Food and Agriculture Organization of the United Nations (FAO) and the UN-Water Decade Programme on Capacity Development (UNW-DPC) jointly established a UN-Water Capacity Development Initiative to support National Drought Management Policies in 2013. As part of the effort, a high-level international meeting on National Drought Policy was held to develop a compendium of national drought management policies and practices (Wilhite et al., 2014) .
The goals or tenets of a 'model' national drought policy, as stated in the documents prepared leading up to the high-level meeting on national drought policy (World Meteorological Organization, 2013) , were as follows:
• Proactive mitigation and planning measures, risk management, public outreach, and resource stewardship.
• Greater collaboration to enhance the national/regional/global observation networks and information delivery systems to improve public understanding of, and preparedness for, drought.
• Incorporation of comprehensive governmental and private insurance and financial strategies into drought preparedness plans.
• Recognition of a safety net of emergency relief based on sound stewardship of natural resources and self-help at diverse levels.
• Coordination of drought programs and response efforts in an effective, efficient and customer-oriented manner.
The central issue is not so much about what the core policies should be, for there is wide agreement on most of the fundamental prescriptive aspects, but whether they can be readily and uniformly implemented in a conglomeration of sovereign European nations, or equivalently in 50 relatively sovereign states of the US in order to achieve sustainable development and water security. In fact, it can be argued that the US, despite its relatively fragmented 'federal system' of governance, is well ahead of implementing the seven European policy options, mainly because of the strong advocacy of the Federal Government and wide array of financial incentives and regulatory instruments at its disposal to ensure compliance.
Despite an accumulation of countless useful polices and laws that have translated hundreds of sensible ideas related to modern sustainable water management into practical operating procedures, the US does not have a comprehensive and coherent national drought policy, in the sense of a single formal statement of principles and guiding authorities against which all actions related to drought are planned, implemented and measured. Nor does a generic national water policy exist wherein drought management, as a subset of water resources management, is embedded. Instead, drought management in the US is composed of elements drawn from a plethora of guiding principles and stratagems at all levels of government, sometimes conflicting because they adapt to the realities of multiple interpretations of 50 state water laws, investment strategies and the control over their own resources.
Most water problems are local or regional, rather than national, but the Federal Government, through a combination of regulatory authorities, budgetary resources and drought assistance programs, has progressively had a significant impact on indirectly influencing not only drought management policies at all levels, but also water resources management in general. A distinction needs to be made between policies and laws. Policies are simply a collection of principles and guidelines that are used to coordinate, consolidate and direct certain actions that are consistent with the existing body of laws. Often, there is flexibility within laws to accommodate new planning and evaluation procedures as, for example, floodplain management or drought management.
Recent severe drought events in California and the Atlanta, Georgia, metropolitan area have exposed some of the inflexibilities in existing federal laws governing the management of federal water resources systems. These laws cannot be overcome by simply issuing new 'policies'. Drought management policies are further constrained by law, and directed by the Federal Government, through a suite of agricultural, environmental and water quality laws and regulations (National Drought Policy Commission, 2000) . The reinforcement of many federal environmental regulations has had a profound impact on water management, especially in the western states.
The core issue that is routinely glossed over in focused flood and drought management policies, however, is that flood and drought management are the two bookends of integrated water resources management (IWRM) whose main purpose is to provide 'water security' for its populace. Water security has two basic components: reducing the risks and damages of extreme hydrologic hazard events before they occur (floods and droughts), and reliably providing a wide array of water-based services to the various sectors, which include energy, agriculture, public water supply and ecosystems. Much of what the EU, US and UN drought management policies address is preparing for droughts and mitigating their most damaging effects, along with post-drought relief efforts. The more important objectives that are typically neglected in contemporary drought management policies are strategic measures that prevent the most damaging drought impacts, such as increased storage, water conveyance and interconnections between vulnerable public water systems.
Most contemporary drought management policy statements and plans de-emphasize the notion that 'water security' depends very much on preventing the worst damages of drought, especially in developing nations that are highly dependent on irrigated agriculture, rather than simply focusing on mitigating postdrought losses. The primary purpose of water supply infrastructure systems is as a defense against the damaging and long-lasting impacts of drought, and turning those natural hazards into a beneficial instrument of economic development (Stakhiv, 2011) . Most non-structural drought management solutions that are routinely touted as drought mitigation measures, such as water conservation, pricing, water banking, forecasting, etc. inherently depend on an existing robust, resilient and reliable water storage and conveyance system as the core of a practical and comprehensive drought management strategy.
Federalism and water policy
Water is not mentioned by name in the US Constitution as a distinct federal responsibility, but a 'federal interest' was created, mainly based on an 1824 Supreme Court decision that established the federal right to regulate matters of interstate commerce, including navigation. This was the era of canal building and waterborne transportation. The US federal role has grown incrementally over the decades, with interstate commerce improvements as the constitutionally accepted vehicle for federal interventions in state water management responsibilities. Section 8 of the Constitution reads as follows:
'The Congress shall have the power …To regulate Commerce with foreign Nations, and among the several States, and with the Indian Tribes…'
Since the 1824 Supreme Court decision, the evolving federal policy pressed against the presumption that the primary responsibility for water management, and drought management in particular, begins in each of the 50 states (Reuss, 2004) . The most effective federal intervention related to water resources management came about in the 1970s, with the introduction of a series of powerful legislated federal laws regulating public health and safety that addressed poor water quality and ecological degradation of streams, wetlands and watersheds. There is no current aspect of local, state, or federal water resources management actions that does not fall under the provisions of some federal regulatory authority, which does not possess a de facto veto threat over any planned water-related management activity in the 'waters of the United States'. Rogers (1993) makes a useful distinction between the 'federal interest' and the 'national interest' when discussing water policies. The 'national interest' must account for the diverse interests of 50 relatively sovereign states. Furthermore, he contends that there is no need for a 'national' water policy since the US is also diverse in its natural water resources -with a very dry western half and a relatively humid and water-rich eastern half. Rogers also maintains that since water is more of a regional and local resource, with many different permutations of customs, legislation, availability and demand, water policy should reflect that diversity, rather than attempting to achieve an artificial uniformity through a 'national policy'. The report of the US Senate Select Committee (1961) on National Water Resources essentially makes the same case:
'It is unlikely that the Nation will have a uniform policy covering the details of all water resources activities in all parts of the country. Conditions vary from place to place, and from year to year. Many water resources problems are basically local problems. In some places disparate conditions are found within a single State or within a single river basin.'
Nevertheless, there exists a de facto, loosely connected federal policy, which directs the policies and procedures of the vast bureaucracy of federal water management, science and regulatory agencies that have greatly expanded their influence on overall water management practices in the US since 1970. Hence, federal water management and drought management policies, buttressed by a plethora of environmental regulatory authorities, have essentially formed the core of a loosely connected, de facto national policy. However, expecting consistency in applying the various laws, rules, regulations and Executive Orders (EOs) among those many agencies and state governments is a monumental achievement in itself, given the fact that most EOs extend only for the duration of a presidential administration, and are revised or repealed with each new Administration. The nature of the US political system itself introduces many of the policy vagaries that constantly require heightened coordination and collaboration.
The major problem is that Congress has created an awkward system of water management, that can be termed 'water federalism' (Abrams, 2009 ), wherein state sovereignty over water management is acknowledged and promoted, while the federal 'water management footprint' has increased dramatically since 1970, through its regulatory powers to license a wide range of water uses. This includes the Federal Energy Regulatory Commission, the Nuclear Regulatory Commission, Federal Emergency Management Agency and many other environmental regulatory agencies, with an ever-increasing array of environmental protection laws. This increasing power of federal regulatory agencies, coupled with Congress's legislative authorities, has created a powerful 'federalist' position that is increasingly difficult for states to counter in their pursuit of controlling intra-state water management decisions.
Extending an ever-growing proliferation and constant revision of federal water management initiatives, objectives and regulations to 50 states simply amplifies the coordination difficulties among federal agencies, which remains one of the most frequently criticized barriers to effective implementation of existing drought policies (PPIC, 2016) . Hence, as part of revisions to federal policy on water management, a great deal of emphasis is always placed on better coordination, collaboration and partnerships amongst the numerous agencies, as the basis for more effective implementation of drought management actions. Unfortunately, when responsibility is shared among an ever-increasing number of entities, no one entity is holistically managing drought or flood risk and ensuring that actions of the many stakeholders involved are effectively combined to reduce risk.
For most of the 20th century, US national water policy formulation advanced progressively with two principal goals in mind: using water resources development to promote economic development, while protecting against natural hazards, with the ever-evolving need for environmental sustainability and an equitable distribution of benefits and costs associated with federal water projects. More than 25 national commissions established by Congress or the President since 1900 (CSIS, 2014) have confronted that ever-changing balancing of societal demands, while adapting to the evolving notions of sustainability. Water resources management for economic development, with its complexity of management objectives and water uses, was always the main topic of these commissions. It is only recently, within the last two decades, that drought management itself has become a specialized topic of concern, mostly concentrating on how to deliver federal drought relief more effectively to the states, farmers and local municipal water supply systems. Drought prevention and flood control have always comprised the core issues of water resources development. Drought management was thought of more in terms of how to prepare for and alleviate and mitigate drought losses after a drought event, given the water resources management capacity and conditions in situ.
The most recent Congressionally-sanctioned Presidential Commission was the National Drought Policy Commission (NDPC, 2000) . The NDPC was preceded by the Western Water Policy Review Advisory Commission Report (WWPRAC, 1998) , which explicitly dealt with the unique water management problems of the 17 western states, where droughts have especially pernicious adverse impacts. The WWPRAC Report updated many of the key recommendations of the 1973 Water Policy Commission, but had little to say about drought management. Instead, it focused on the unique relationship between the Federal Government and the western states, because the Federal Government is the major landowner in the west and thereby claims significant water rights (Fort, 1997) . The WWPRAC attempted to implement many of the emerging policy recommendations of the President's Council on Sustainable Development (PCSD, 1997) within the context of the unique needs of western water management. The WWPRAC report created a significant backlash from the Western Governors Association.
In a series of actions, the Western Governors' Association (WGA, 2015) responded to the serious drought episodes of the 1970s to 1990s by preparing a Drought Action Plan of 1996, which became the framework for a number of specific drought actions. The plan stated '(T)he western governors believed that a comprehensive, integrated response to drought emergencies is critical… It is important to work together and cooperatively with other affected entities to plan for and implement measures that will provide relief from the current drought and prepare for future drought emergencies.' The WGA and a separate federal drought initiative led to the formation of a partnership called the Western Drought Coordination Council (WDCC, 1999) . Its mission was to develop and implement model drought policies and management/mitigation measures that reduce impacts associated with droughts and that promote economic and environmental sustainability in the western states (Motha, 2011) .
According to Eisel & Aiken (1997) , in a report written for the WWPRAC, the major force presently driving many water resources policies, management and development decisions in the 17 western states is the Endangered Species Act (ESA). This act affects the nature and direction of municipal water supply planning and projects in the front range of Colorado; development of new storage projects in Wyoming; permitting of existing and proposed diversion and storage structures on federal lands, and the operation and management of existing water management systems in the river basins of the west. The ESA has triggered a wide number of studies in major river basins (Columbia, Missouri, Florida Everglades, etc.) regarding their management principles with respect to aquatic restoration, especially for endangered species. This Act, and other environmental legislation and regulatory decisions has spawned many studies by the National Research Council of the National Academy of Sciences (NRC, 2002 (NRC, , 2004a (NRC, , 2004b (NRC, , 2007 (NRC, , 2011 on improving water management for aquatic ecosystems.
If anything, the emerging federal water management policies that attempt to achieve 'sustainable development', reinforced by the President's Council on Sustainable Development (PCSD, 1999) , are most clearly reflected in the manner in which federal agencies have been adapting these new policies in western water management. In reality, it is the relative success of the federal agencies in implementing the new philosophy of sustainable development, coupled with the principles of IWRM that has exacerbated water conflicts with and among the states, especially in the west.
In response, the Western Governors Association developed a strongly worded comprehensive water policy statement (WGA, 2015) that reiterated states' authority over water management within their borders:
'State Primacy in Water Management: As the preeminent authority on water management within their boundaries, states have the right to develop, use, control and distribute the surface water and groundwater located within their boundaries, subject to international treaties and interstate agreements and judicial decrees.'
On the other hand, both the WGA and the National Governors' Association (NGA, undated) believe federal investments should assist states in implementing state water plans designed to provide water for municipal, rural, agricultural, industrial and habitat needs, and should provide financial and technical support for development of watershed and river basin water management plans when requested by states. Integrated water management planning should also account for flood control, water quality protection, and regional water supply systems. Water resource planning must occur within a framework that preserves states' authority to manage water through policies which recognize state law and the financial, environmental and social values of the water resource to citizens of the western states today and in the future.
Many templates for water management have been proposed, tested, rejected and transformed since the progressive era of Theodore Roosevelt and the Reclamation Law of 1902. Only once has the US Congress established a multipurpose governmental institution with comprehensive jurisdiction over a major river basin -namely the Tennessee Valley Authority (TVA) in 1933. This decision was influenced by the Great Depression and Midwestern 'Dust Bowl' drought during that period. However, growing state and public opposition to such federal institutions soon prevented the creation of other such institutions (Rogers, 1993) .
The federal role in water supply storage and drought management
The core of 'water security' and, by extension, drought management, has a supply component as well as a demand management component, particularly during times of scarcity. Over the past century, the US has developed a formidable system of water storage and conveyance projects. At the Federal level, the Corps of Engineers alone built 465 reservoirs, which now comprise about half of the total constructed reservoir storage space in the US (USACE, 2016) . The Corps is the largest producer of hydropower in the US. Municipal water supply is an authorized purpose for all Corps of Engineers reservoirs, but the allocation of space for that purpose is approved on a case by case basis and a local sponsor, typically a city or a water utility, must pay the costs for developing and maintaining the storage.
The Bureau of Reclamation is the nation's largest wholesale water supplier, operating 337 reservoirs. The Bureau provides irrigation water for 10 million acres of farmland, accounting for 20% of all western farms. That land produces 60% of the nation's vegetables and one quarter of its fresh fruit and nut crops. The Bureau is the second largest producer of hydropower in the US and operates 53 hydroelectric power plants that have annually produced an average 40 billion kilowatt-hours for the last 10 years, and these reservoirs deliver 10 trillion gallons of water to more than 31 million people each year (Bureau of Reclamation, 2016) .
It is important to note that the major federal agencies responsible for managing the nation's water resources -the Corps of Engineers, Bureau of Reclamation, TVA and the Natural Resources Conservation Service -have planned, designed and managed most of the federal water storage and conveyance projects within the US. As such, they have been incrementally adapting to the ever-changing philosophies, policies and objectives of federal water management, focusing on reducing floods and drought hazards, while significantly improving the ecological viability of aquatic ecosystems. In addition, the Federal Government's land management agencies -such as the Bureau of Land Management (which controls over 1 million km 2 ), the Forest Service (which manages 0.8 million km 2 ) and the Department of Agriculture (which influences the nation's agricultural practices on over 4 million km 2 ) -all have a considerable influence on the pace and direction of the Federal Government's sustainable development policies, as well as drought management itself.
Reducing vulnerability to droughts and preventing the worst impacts through water resources development, as the most reliable form of 'water security', began early in the nation's history, mainly through private investments. This was followed by the 1902 Reclamation Act, and expanded fairly quickly through a series of Congressional initiatives, which led to a rapidly expanding federal role during the Depression era, and after WWII. Over the course of the last century, a sense of a loosely connected and marginally coordinated national drought management policy came to be defined. While the Federal Government -through Congressional authorization and appropriations power, and executive branch implementation authorities -began to exercise a greater role in national water resources development, the states continued to exercise their rights regarding water management allocation and distribution of water supplies, especially that of groundwater resources.
Were it not for the fairly extensive water storage and conveyance infrastructure built up since the Reclamation Act of 1902, much of the west would not have been developed to the extent that it is today, serving as an economic and agricultural powerhouse. The adverse social, economic and ecological effects of droughts in the western US would be far more severe without the system that was largely planned during the 'Dust Bowl' era, and built up during and after World War II. From a water management standpoint, we are living off the foresight and capital investments of the previous two generations.
The agricultural sector is, by far, the largest user of water in the US, accounting for 115 billion gallons per day (bgd) in 2010, and representing the lowest levels since before 1965. Irrigation withdrawals, all freshwater, accounted for 38% of total freshwater withdrawals for all uses, or 61% of total freshwater withdrawals for all uses excluding thermoelectric power. Surface water withdrawals (65.9 bgd) accounted for 57% of the total irrigation withdrawals, or about 12% less than in 2005. Groundwater withdrawals were 49.5 bgd in 2010, about 6% less than in 2005. About 62.4 million acres were irrigated in 2010, an increase from 2005 of about 950,000 acres (1.5%). The number of acres irrigated using sprinkler and micro-irrigation systems continued to increase and accounted for 58% of the total irrigated lands in 2010 (Maupin et al., 2014) .
Federal drought policies are dominated by responses to the large agricultural sector, and largely focus on financial and tax incentive programs that persuade farmers to use water more efficiently. According to Schaible & Aillery (2012) , irrigated farms accounted for roughly 40% ($118.5 billion) of the value of US agricultural production; nationwide, the average value of production for an irrigated farm was more than three times the average value for a dryland farm. Roughly three quarters of US irrigated agriculture occurred in the 17 western states, although irrigation has been expanding in the more humid eastern states.
There is also a wide array of drought relief and crop insurance programs that subsidize losses that farmers may incur as a result of drought. Municipal water systems, which account for only about 10% of national water use, have progressively been most responsive to water conservation initiatives, mainly because their water is metered, and pricing is used as an effective water conservation measure. But municipal systems have their own drought vulnerability problems, key among them being fragmented into thousands of small water supply systems. The US Environmental Protection Agency (US EPA, 2013) reports that there are over 155,000 public water systems across that US that they regulate for water quality. This fragmentation makes it difficult to deal with as part of any comprehensive drought preparedness and management effort. Fortunately, only about 4,200 systems serve 250 million people, or 75% of the total population of the US, which makes it a bit more manageable. One of the strategic drought management options is to interconnect the smaller public systems of towns and villages, increasing reliability of supplies in the event of shortages.
The key aspect of the EPA's regulatory authorities regarding public water supply systems, via the Clean Water Act (CWA) (1972) and the Safe Drinking Water Act (SDWA) (1996) , is the fact that the EPA has used these provisions to control new sources of water supplies for growing municipal systems. Although water supply planning development for municipal water supply systems falls largely to publicly owned or private utilities within state boundaries, and states have primacy over water management within their boundaries, the Federal Government has a great deal of control over these decisions because of provisions within the SDWA, CWA and Endangered Species Act (ESA, 1973) , among others. For example, the 'Siting Requirement' under the SDWA has been extended to require that States adapt water supply expansion criteria that include drought conditions:
'Before a person may enter into a financial commitment for or initiate construction of a new public water system or increase the capacity of an existing public water system, he shall notify the State and, to the extent practicable, avoid locating part or all of the new or expanded facility at a site which: (a) Is subject to a significant risk from earth-quakes, floods, fires or other disasters which could cause a breakdown of the public water system or a portion thereof;'
The EPA has used this provision to require that any municipality, seeking to expand its water supply capacity, undertake and demonstrate a series of demand management actions before capacity expansion can even be considered as an option. An example is the recent 'Partnering Agreement' (2016) that was signed between the Texas Water Development Board, the EPA and the Corps of Engineers to 'improve coordination on large water supply projects' that are subject to the regulatory requirements of the CWA and SDWA, and which may require an Environmental Impact Statement. In Texas, as in many similar situations around the US, the EPA is constraining capacity expansion as a principal strategic instrument of increasing overall water security.
Similar federal constraints on state and municipal water supply expansion initiatives as part of emergency drought conditions in California have led to legislative initiatives in Congress to allow greater flexibility in federal agency regulations. For example, legislation was introduced in the House of Representatives (HR 1709 (HR , 2015 to 'amend the Safe Drinking Water Act to provide for the assessment and management of the risks of drought to drinking water (provided by public water systems), and for other purposes'. Part of the rationale for this legislation was to prompt the EPA to give greater consideration to relaxing regulatory constraints during droughts.
The recent 5-year California drought exposed many of the same problems related to stringent federal regulations that constrained flexible management solutions and adaptation to drought conditions. Hanak et al. (2015) laid out 'ten ways the feds can help ease drought in the west'. Among them were relaxing requirements in the SDWA for small communities to abstract emergency sources of water supply, and to allow the Secretary of Interior to facilitate water transfers between federal and state water projects, and to facilitate water trading. It should be understood that the changes require Congressional approval, and are not within the authority of the federal agencies or the Executive Branch to change unilaterally.
Federalism and drought management
Although water resources management is ostensibly carried out in the context of a Federal system where all powers not ascribed to the Federal Government in the national Constitution remain with sovereign states (Kenney, 1997), the Federal Government has greatly expanded its role during the past 40 years, as can be seen from previous examples. This has created a growing tension between federal agencies and states since, constitutionally, states retain sovereignty over water within their respective boundaries. Yet the Federal Government is by far the largest landowner in the US, controls most of the large dams and water supply systems, and has the largest budgetary resources, taxing authority and regulatory controls to achieve its desired goals.
While the federal role in water resources development evolved rather slowly and incrementally over the course of the first 200 years of US history for specific reasons in response to specific needs (Holmes, 1972) , it accelerated from the 1970s, with the beginning of the environmental era. Although it may appear that the federal role is dominant and pervasive because many of the federal principles advocated by the various federal agencies are being implemented on a wide range of federally-sponsored projects and programs, the states still wield considerable authority over their internal resources, and, as a consequence, often resist federal policy implementation via EOs, and frequently challenge these provisions in court. This creates a practical implementation dilemma for state and federal agency planners, and adds complexity to a national water management framework, fragmented by 50 state management perspectives.
In addition, a strong tradition of property rights, individualism, markets and private ownership exists in the US. There is also general resistance to federally imposed land use planning, which makes water related disaster risk reduction management difficult since many viable solutions that contribute to infrastructure resilience must integrate current and future land uses (CSIS, 2014) .
Congress routinely requires that the federal agencies defer to or comply with state law in the planning, construction and operation of federal facilities pertaining to allocation, control, or distribution of water. At the same time, as owner of hundreds of thousands of acres of public domain land, much of it in the semi-arid southwestern US, the Federal Government is the 'owner of the right to use the waters pertaining to the public domain lands, the right to use of which has not passed into private ownership under authority of the US or an earlier sovereign' (National Water Commission, 1973) . The Federal Government also holds reserved water rights -although in many cases unquantified -for reservations of federal lands withdrawn from the public domain (e.g., national forests, national park lands, tribal lands and wilderness areas).
Nevertheless, despite all these constitutional barriers, US drought (and flood) management policies have evolved rapidly over the past three decades, driven mainly by the Federal Government, to encompass two interrelated resource management philosophies: sustainable development and IWRM, with its complementary objectives of efficient resource use and environmental protection (Delli-Priscoli & Stakhiv, 2015) . Federal Government agencies are the implementers of Congressional legislation, judicial rulings and EOs, that are buttressed by the veto power of federal regulatory agencies, which oversee both public and private sector development. The federal establishment has steadily steered fundamental water resources development and management policy formulation and implementation towards programs and policies that increasingly advocate and rely on non-structural measures and water conservation. This was accomplished despite the tradition of 'federalism', wherein the Constitution gives the states broad authorities over the management of its resources.
A key critical function of federal agencies is flood, drought and related disaster risk reduction management (Dyson, 1988) . It underpins all other federal initiatives and, as such, has become the most powerful entry point for federal agencies to indirectly overcome or usurp state authority in water resources management. The most recent example of such federal actions, in response to the 5-year drought in California (2011 California ( -2015 , most clearly explains the functioning of this dichotomous system of US 'federalism', with the issuance of a Presidential Memorandum (March 21, 2016) on 'Building National Capabilities for Long-Term Drought Resilience' (White House, 2016a House, , 2016b : 'Sec. 2. Policy. It is the policy of the Federal Government to coordinate and use applicable Federal investments, assets, and expertise to promote drought resilience and complement drought preparedness, planning, and implementation efforts of State, regional, tribal, and local institutions. In addition, where appropriate, the Federal Government shall seek partnerships with such institutions and the private sector in order to increase and diversify our Nation's water resources through the development and deployment of new technologies and improved access to alternative water supplies.'
During the same time that the Presidential Memorandum was being drafted and vetted, a legislative bill was introduced (S.1894 (S. , 114th Congress, 2015 , entitled: 'A BILL To provide short-term water supplies to drought-stricken California'. This legislation was intended to provide federal technical and financial assistance, reallocate water deliveries from federal projects and provide regulatory relief from a myriad of federal environmental regulations and water allocation laws that constrained the diversion of emergency water supplies from federal projects to the state of California.
The legislation demonstrates the dividing line between federally managed projects by the Corps of Engineers and the Bureau of Reclamation, and those built and managed by California, and the respective authorities of the President, those of Congress and the Governor of California. The President can marshal the existing resources of various federal agencies, as long as they are consistent with laws passed by Congress. The Presidential Memorandum is an example of those limited federal authorities, in that it highlights and encourages greater coordination among federal agencies, data-sharing, better planning, communication and technological development.
To go beyond that, i.e. to change water allocation in federal reservoirs or to ease strict regulatory water withdrawal criteria, Congress must pass new legislation (e.g. S. 1894), as it has done periodically, after major flood and drought events. Thus, each flood and drought incrementally adds new legislative principles and management precedents, some of which contradict other existing laws, thereby expanding the federal role and influence in water resources management over the past century, while inadvertently creating new conflicts and confusion about responsibilities and legal authority.
Whether it be Colorado river basin management by the Bureau of Reclamation, or the Corps' dominant management role in the Appalachicola-Chattahoochee-Flint water supply system, and controversy over Atlanta's water supply, states only possess 'nominal' rights to manage their intra-state water systems, because a wide array of 'superior federal rights' exist, and are routinely exercised by the Federal Government through a vast network of federal regulatory agencies. The system will not change much until the states come to an agreement amongst themselves about basic water allocation decisions in the form of an interstate compact (Abrams, 2009) . State water allocation priorities, policies and interests do not account for much, as existing federal laws that specify the conditions under which federal agencies must exercise their respective authorities and operate, maintain and manage their respective water resources systems.
Congress has not enacted any comprehensive or overarching change in federal water resources management or national water policy since enactment of the 1965 Water Resources Planning Act (P.L. 89-80; 42 USC. §1962). Although an assessment of the nation's water resource conditions was last conducted in 1975 (WRC, 1978) and several entities have studied selected aspects of water policy and management, the last systematic and comprehensive review of nationwide federal water policy was conducted by the National Water Commission (1973). This was followed soon after by President Jimmy Carter's 1978 Water Policy Task Force Report (ASCE, 1979) .
In reality, the major problems surrounding the most recent drought situations in California would not be solved by a 'national' drought management policy, for it is not policies and principles that are required, but a new approach to drought management that is authorized by Congress. For, according to many scholars (Abrams, 2009; Hanak et al., 2015) , most of the problems that have emerged in many recent drought management instances are because of the relative inflexibility of federal laws, many of which were written in the late 1960s and early 1970s. These federal laws did not foresee the unique circumstances of population growth and shifts in water uses over the decades, nor the dominance of environmental protection laws that trump many other legislated water management actions.
This sort of incremental federal policy formulation, dedicated to solving specific problems, inevitably increases decision making fragmentation even as there are greater calls for more coordination. Greater coordination and collaboration among agencies and interest groups does not necessarily lead to better decisions about resource management. Criticism of the fragmented nature of federal water policy has been a recurrent theme for decades. Historically, countless commissions, councils, and studies have called for new directions in water policy and better planning, evaluation, and coordination of federal actions. Options used in the past have included formal and informal coordination entities within the executive branch, nongovernmental commissions tasked with reviewing past policies and laws, and a legislative branch committee made up of key committee leaders (Copeland & Carter, 2009) .
Any attempt to untangle the complexities of current water policy involves many constituencies with differing interests, which becomes politically difficult to sustain. Instead of comprehensive or overarching legislation, Congress has enacted numerous incremental changes, agency by agency, statute by statute. The recent proposed legislation to alleviate California's severe drought, in the form of Senate Bill 1895 (S.1894, 2015) is an example of such incrementalism. Nevertheless, S.1894 stands as a blueprint for the types of changes that a national law should encompass regarding federal-state management roles, and increasing the flexibility of federal environmental protection laws and operations of federal water projects to alleviate some of the difficulties California was having in coordinating the reallocation and delivery of water supplies between federal and state water projects (Hanak et al., 2011; Hanak et al., 2015; PPIC, 2016) .
Whenever focused coordination of federal activities has occurred, it has been driven largely by pending crises, such as potential threatened or endangered species listings, droughts, floods, and hurricanes; or by local or regional initiatives. Concerns about water supply and its development routinely bolsters interest by various members of Congress to either establish a national water commission to assess future water demands, study current management programs, or develop recommendations for a comprehensive national water management strategy (Copeland & Carter, 2009 ). However, Congress has not been effective in acting on any of the Commission recommendations, the most recent example being their inaction on the National Drought Policy Commission (2000) recommendations, though President Obama incorporated most of them in his recent Presidential Memorandum (White House, 2016a, 2016b) on building long-term drought resilience.
Performance of US demand management policies and strategies
Water demand management, rather than capacity expansion, currently forms the core of most federal water resources management strategies, and comprises the essential component of drought management as a contributor to national and regional 'water security'. This strategy is possible only because of the foresight of previous generations to build adequate storage capacity in order to serve the needs of future generations. Many academicians and water policy experts, including international development lending banks and multilateral lending institutions, lament the absence of a national water policy as a prerequisite for efficient and sustainable water use, which inherently relies on demand management.
Current water management ideology, in the form of IWRM, requires that sustainable water management consist of a set of enabling institutional factors as prerequisites: a national water policy, a national water management plan, a comprehensive water code and river basin management agencies, as part of a comprehensive approach to IWRM and prerequisite for lending for water infrastructure projects (GWP, 2004; World Bank, 2007) .
Ironically, the US does not fulfil many of these prerequisites (Stakhiv, 2003) , even as its foreign aid arm, the US Agency for International Development routinely advocates all of these prerequisites as a condition for its own assistance programs in developing nations (Lautze et al., 2011; Giordano & Shah, 2014 ). Yet it can readily be argued that a US national water policy exists, at least as a collection of disparate and incrementally developed and implemented federal, state and local policies that are relatively consistent in purpose, if not in implementation. They have been quite effective in achieving the sort of outcomes generally desired by the EU Water Framework Directive, as well as stated IWRM and sustainable development goals and objectives. The principal reason is the extraordinary role and effectiveness of a broad array of federal incentives that underpin those goals, as well as a strong federal regulatory structure, with an accountable enforcement arm to ensure that the goals are met.
How can it be demonstrated that such an accumulation of eclectic policies has been effective, and that US water security has improved over time? What is the best way to measure the overall performance and effectiveness of an accumulation of diverse policies in terms of such broad goals as sustainable development or drought management? A wide array of performance metrics has been advocated to explain and measure the relative reliability of water management or control systems, and their effectiveness in reducing community risks and regional vulnerabilities with respect to floods and droughts.
The notion of a 'national water security' performance metric has generally been addressed in terms of simple per capita water availability measures (e.g. Falkenmark, 1986) . The concept of water stress is relatively simple: it applies to situations where there is not enough water for all uses, whether agricultural, industrial or domestic. Defining thresholds for stress in terms of available water per capita is more complex, however, entailing assumptions about water use and its efficiency. Nevertheless, it has been proposed that when annual per capita renewable freshwater availability is less than 1,700 m 3 , countries begin to experience periodic or regular water stress. Below 1,000 m 3 , water scarcity begins to hamper economic development and human health and well being. For comparison, the total annual renewable water resources for the continental 48 US states is 7,400 m 3 /capita/yr (UNESCO WWDR, 2003), compared to average US water use of 1,600 m 3 /capita/yr, or 20% of available supply (OECD, 2005) . The average per capita water use for OECD countries, which includes the US, is 900 m 3 /capita/yr. In addition, the US has approximately 950 km 3 of storage. With a population of 325 million in 2015, this storage translates to nearly 3,000 m 3 /capita/yr, or three times the minimum Falkenmark threshold for water security.
The problem with most indices is that they do not effectively capture the major missing component of institutional deficiencies that lead to poor water management (Fekete & Stakhiv, 2015) . Saleth & Dinar (2004) , in their study of institutional performance in the water sector, note that '…water scarcity whether quantitative, qualitative, or both, originates more from inefficient use and poor management than from any real physical limits on supply augmentation'. According to their analysis, the crisis in the water sector is mainly a function of limitations of contemporary institutions, which allocate and manage water, and they advocate a series of institutional reforms that are key for successful implementation of IWRM.
Governance reforms, however, are very difficult to implement, and it is more difficult still to evaluate their relative effectiveness on improvements in water use efficiency, economic productivity, poverty reduction or improvements in environmental sustainability. Saleth & Dinar (2004) tried to develop a mechanism for evaluating these important institutional changes. The quantitative results were quite mixed and in most cases inconclusive. The reason was that effective water governance is predicated on a series of prerequisites, beginning with a well-defined system of water rights or water law and enforcement. Other related water policies, administrative changes and water extraction regulations, including those for privatization, cost recovery and water transfers, were all intertwined with the fundamental requirement to define and enforce water rights.
IWRM, of course, is the fundamental comprehensive management platform for attaining what is termed 'water security' and sustainable development (GWP, 2016) . The most widely acceptable definition of water security would read as 'the availability of an acceptable quantity and quality of water for health, livelihoods, ecosystems and production, coupled with an acceptable level of water-related risks to people, environments and economies' (Grey & Sadoff, 2007) . The definition is firmly embedded in the concept of sustainable development, with its aim to ensure a triple bottom line of social, environmental, and economic development outcomes.
The water engineering profession measures system performance somewhat differently, more accurately reflecting the nature of system delivery performance under climate variability. While economists value water for its abstract economic production values, engineers measure performance against the specific objectives for which a project or system was designed, which includes economic performance. A number of indices are proposed in literature, which measure the performance of water resources systems in terms of reliability, resilience and vulnerability of water resources subjected to climate extremes (e.g., Hashimoto et al., 1982) . Reliability is the probability that monthly precipitation (or discharge) is larger than its long-term monthly mean value. Vulnerability, in this context, refers to the likely magnitude of a failure (e.g. maximum drought intensity) if one occurs. Resilience may be interpreted as a measure of how quickly a system is likely to recover from failure once failure has occurred. Vulnerability and resilience are effectively complementary notions. Inherently, the ensemble of drought management measures (or flood control measures) that are implemented by any locality or region aims to increase system reliability, resilience and robustness, while decreasing vulnerability. Over the past 30 years, the largest contributor to reduced drought vulnerability has been water conservation measures that were a by-product of the water quality regulations of the Clean Water Act (1972) .
Notwithstanding all the performance metrics available for evaluating the cumulative effectiveness of all federal and state water management policies consisting of governance adjustments (enabling legislation, regulatory regime, judicial interventions, conservation measures, etc.), as well as technological innovation and engineering adaptation, there exists a very important and useful performance measure (not indicator) of the relative success of US water policies over the last 40 years: the reduction in average annual demand and freshwater withdrawals in the US (Rogers, 1993) . Figure 1 shows that since the peak use in 1980, water use has declined to the levels of 1970, despite a 33% population increase during that same period. Overall, the US was able to achieve this remarkable reduction in water use, not through the conventional top-down IWRM management and governance ideology, but mainly through a bottom-up emphasis on an enabling institutional framework that focused on regulating, monitoring and enforcing a suite of water quality and environmental laws passed in the 1970s (Stakhiv, 2003) . Among them was the Clean Water Act (1972), National Environmental Policy Act (1970), Endangered Species Act (1973) and the Safe Drinking Water Act (1974). These mechanisms were much more effective (if not altogether economically efficient), in controlling municipal, industrial and agricultural water use through stringent water quality standards. As seen in Figure 1 , water withdrawals began to drop after 1980, and have continued declining to the present day.
The decrease is even more dramatic when juxtaposed with the projections of leading expert commissions of that period. 
Drought damages
Another imperfect measure of the relative effectiveness of US drought management policies is the ability to contain the growth of drought-related economic damages, and mitigate the economic impacts through a wide array of federally-sponsored insurance and compensation programs. Despite the absence of a national water policy and, more specifically, a uniformly applied drought management policy, the US does not incur substantial economic damages caused by extreme droughts, in comparison to many developing nations, where floods and droughts routinely depress annual GDP by 2-5% during and after each frequently occurring catastrophic event (Hallegatte et al., 2016) . No nation can develop its socioeconomic structures and grow progressively with such periodically occurring devastating natural hazard events, which sap the nation's resources during each recovery phase. This is what is fundamentally meant by 'water security': to protect the citizens, economy and social institutions from such catastrophic events, and reduce and mitigate the damages to an 'acceptable' or 'tolerable' level of risk, so that it does not routinely threaten the lives and livelihoods of its populace and prevent sustainable development (Grey & Sadoff, 2007) .
Droughts in the US caused approximately $9.5 billion damages annually during the period from 1980-2016, mainly in the agricultural sector (NOAA, 2016) . As a consequence of the continuous adaptation by the various economic sectors associated with agriculture, as well as the growing suite of drought mitigation and compensation policies and programs of various governmental institutions, this is a miniscule percentage of the $18.6 trillion (GDP) US economy, and approximately 5% of the total $180 billion farm agricultural sector production of the US in 2015 (Schnepf, 2016) . Even during the height of the most recent California drought, the direct and indirect economic costs attributed to the drought in 2015 amounted to $2.17 billion, or 4% of the $54 billion total agricultural production and 0.1% of California's $2.5 trillion GDP. In contrast, floods, severe storms and tropical cyclones cause about 70% ($25 billion/yr) of all economic damages annually in the US (Howitt et al., 2015) .
There are a number of reasons why the US is in a reasonably good position with respect to effective water and drought management, even under a broad range of climate change scenarios:
1. The US has a relatively abundant natural fresh water supply of 1,400 bgd, on average, while using only 350 bgd (Maupin et al., 2014) . 2. The US has a large water storage capacity (950 km 3 ) that is able to effectively augment natural supply deficiencies in the western US. 3. The US economy and its various water-dependent sectors (primarily agriculture, the power sector and industry) have been adapting very effectively to increased competition for water resources, water scarcity and evermore stringent environmental regulations. 4. The natural water supply is enhanced by a robust national water storage and distribution system which stores, approximately, more than an average annual supply of runoff, and in some basins, four times the average annual runoff (Missouri and Colorado River basins). 5. Since the 1970s, an array of federal and state water policies and incentive programs, supplemented by regulatory controls and enforcement measures, has resulted in a reduction of fresh water withdrawals to 350 bgd in 2010, from a peak of 450 bgd in 1980 -a decrease of 20% despite a 50% increase in population from 1970-2010. 6 . Since 1975, the federal agencies and state agencies have been more effective in planning for droughts, and engaging in preparatory drought management exercises, especially in the semi-arid southwestern US. 7. The US Federal Government and state agencies have a broad array of insurance programs and disaster assistance programs that mitigate most economic losses incurred by droughts, especially in the agricultural sector. 8. The US per capita income is among the highest in the world, allowing it to devise and implement more costly technological solutions that save water and mitigate the worst impacts of drought in a timely manner. 9. Industry, the agricultural sector and municipalities have all been implementing cost-effective conservation measures and technologies that have contributed to a substantial reduction in per capita water use over the past 40 years. 10. Unlike floods and hurricanes, droughts are slowly evolving phenomena, providing ample time to respond and adjust, in a staged and structured manner. Droughts allow time for triggering a series of planned contingency measures, including the implementation of emergency structural measures (e.g. tapping conservation storage in reservoirs, deeper groundwater sources with treatment, pipeline interconnections of groundwater and surface water conjunctive systems, etc.) as the drought severity and extent increases.
Drought trends and climate uncertainty
Despite global data that show a unidirectional warming trend, the observational data on a global scale as well as subcontinental US scale do not show any discernible increase in drought frequency or severity. Hao et al. (2014) , analyzing global data for the past 30 years , demonstrated that there was a peak in drought activity (severe droughts) in the 1990s that covered 10-20% of the globe. In any given year, about 25% of the globe is in somewhat dry conditions. Since 2000, however, drought frequency and severity has diminished considerably. Andreadis & Lettenmaier (2006) found a similar pattern of a decrease in drought severity and frequency in the US, using a different analytical approach. Sheffield & Wood (2011) discussed the 'skill' of climate models in representing 20th century droughts. They noted that 'climate models do not provide a perfect representation of the climate system' and that there is a '…general overestimation by the models of long-term drought frequencies and mean drought duration… ' (p. 177) . This assessment of substantial climate model uncertainties conforms with that of Kundzewicz & Stakhiv (2010) and of Koutsoyiannis et al. (2008) .
Irrespective of the uncertainties in climate forecasting, water management has historically dealt with such extreme climate uncertainties, and has developed solutions that overcome most of the problems associated with climate variability. One of the pioneering studies related to climate change related droughts and agricultural adaptation strategies, was the MINK Study (Rosenberg, 1993) to examine the impacts of a recurring 'Dust Bowl' era event under current climate conditions and the projected climate change conditions of 2030. Overall, the authors found that there would be minimal impacts, even in 2030, in the agricultural sector, because of a continuously adapting economy that employs new markets, agricultural techniques and technologies and adjusts to scarcity in many different ways. The MINK study did not even account for an extensive network of new water storage projects that were built since the great Dust Bowl catastrophe in the region, which provides considerable quantities of irrigation water, and has improved overall water security of the region, i.e. increased reliability, resilience and robustness.
The key point is that proactive drought management and risk reduction actions depend, to a large degree, on strategically justified infrastructure projects that rely on more reliable quantitative estimates of risks based on the probability and duration of drought and flood events. Recent work and thinking on this conundrum has been undertaken by the World Bank (Ray & Brown, 2015) and UNESCO (Mendoza et al., 2016) by developing a decision-analytic framework termed 'decision-scaling'. What this framework does is to identify and focus on current vulnerabilities, applying probabilistic estimates of failure mode and time to failure, and then expanding the evaluation to include an increasingly uncertain range of plausible climate scenarios, and evaluating the performance of the system with the incremental addition of various risk-reduction management options.
Regardless of disparate drought trends and climate uncertainty, droughts have gripped the western US repeatedly, especially in the Colorado River basin and California. Hence, the recent drought management responses of both California and the respective states, as well as the federal agencies whose responsibility is to deal with drought management, are of interest. Of particular interest is whether the strong imprint of federal actions and support, as part of the ensemble of solutions, is deemed effective.
Notable US droughts
Like earthquakes and floods, droughts are natural events that become problematic for mankind because of the development decisions people make, which also bring benefits. Tree ring records suggest there was a great drought in the Southwest between 1276 and 1299 AD that was partially responsible for the disappearance, through migration, of the Anasazi or 'Pueblo' people (Benson et al., 2007; Woodhouse et al., 2010) . Droughts of that magnitude and severity can be associated with the coincidence of negative Pacific Decadal Oscillation conditions and a positive Atlantic Multidecadal Oscillation.
Droughts in the late 1500s and early 1600s may have doomed two European settlements, one in Roanoke, North Carolina, and the other in Jamestown, Virginia (Stahle et al., 1998) . Of course, these settlements were entirely at the mercy of weather and climate, without the ability to harness the extremes of nature. Nineteenth century droughts in the US were similar narratives -nature damaging man -but water supply engineering offered the possibility that drought impacts could be mitigated.
In the semi-arid west, the Appropriation Doctrine underlying state laws about the right to use water established a transparent process for allocating water during a drought: the first to use water would be the last to lose the right to withdraw from dwindling supplies during a drought. During George Washington's first term (1789-93) the largest US cities in the 13 eastern states all had relatively abundant water supplies (Philadelphia, New York, Boston and Charleston) for their populations. Starting with Philadelphia in 1801, these municipalities began to develop water supply systems for their growing populations, primarily to reduce groundwater contamination and other waterborne illnesses.
Later, even eastern cities had to consider drought impacts in the design of their water systems. Epidemics of yellow fever and cholera were common in the New York metropolitan area in the 1830s because of dependence on groundwater supplies and unsanitary wastewater disposal conditions. Frequently recurring droughts exacerbated these health conditions, and contributed to the 'Great Fire of 1835', when there was inadequate groundwater to put out the raging fires in lower Manhattan. The great loss of life and accumulation of disastrous events led to the design and construction of the Croton watershed water supply system north of the city, in Westchester county. Water was stored and conveyed through an aqueduct to a reservoir in what is today Central Park, completed in 1842 (Hinchey, 1987) .
A severe drought in the 1960s led to an interstate conflict, because New York City's withdrawals from the Delaware River threatened the Philadelphia water system. This drought stimulated the development of new federal water planning principles, a series of comprehensive water supply studies and recommendations for securing the water supplies of major metropolitan areas in the North Atlantic Region (Boston, New York, Washington DC) (Stakhiv, 1976 ; US Army Corps of Engineers, 1976; Major & Schwarz, 1990) . Any substantive climate-related changes could make even the 1960s northeastern US droughts pale by comparison (Pedersen et al., 2013) and increase the vulnerability of the New York metropolitan area water supply.
However, it was the great mid-western 'Dust Bowl' drought of the 1930s, in conjunction with the great economic Depression (1930-40) that were the dominant historical events that led to the creation of US Federal drought aid programs and an acceleration of water resources development programs to assure water supplies to farmers, industry and municipalities. By 1934, the droughts covered 75% of the US, severely affecting 27 states. By 1936, some 21% of all rural families in the Great Plains received Federal emergency relief; in some counties, it was as high as 90%. In 1937, the Works Progress Administration reported that drought was the main reason for relief in the Dust Bowl region. More than two thirds receiving assistance were farmers. Total assistance was estimated at $1 billion (in 1930s dollars). The report found that losses in the Dust Bowl affected the entire national economy (National Drought Mitigation Center, undated).
Overview of US drought management perspectives and practices
Until the 1970s, drought management had traditionally been carried out following a reactive approach, i.e. by implementing emergency measures after a severe drought had already been recognized as a natural disaster. A shift toward a proactive (or risk-management) approach with measures planned in advance has been progressively advocated by a variety of congressionally mandated commissions such as the National Water Commission (1973), the Western Water Policy Review Advisory Commission (1998) and the National Drought Policy Commission (2000) .
'True' drought management initiatives that are strategic in nature, and which implement pro-active, anticipatory risk-reduction measures, address actions that should be taken in anticipation of a drought, as well as actions that can be undertaken to mitigate the adverse consequences of water shortages during a drought, by reallocating existing storage and supplies for emergency use purposes, escalating emergency water use measures, increasing conservation measures, etc. (IWR, 1993 (IWR, , 1994 . They are true drought management actions, for they deal with the existing system capacity and available resources once a drought is proclaimed, triggering a series of contingency measures. There is usually no ability to significantly expand the capacity of water availability during a drought -you work with the dwindling resources and attempt to ameliorate their worst adverse consequences -either as financial compensation or by reallocating resources to their highest priorities and human needs.
A more fundamental, and strategic form of drought management deals with expanding resource availability, and ensuring greater reliability of services over a wider range of unanticipated drought scenarios. Usually, this means expanding water supply capacity by reallocating existing storage for municipal or irrigation purposes from other existing lower priority purposes, adding emergency supply by building new reservoirs, emergency water intakes, pumping stations, or interconnecting existing systems for more flexibility, diverting water through inter-basin transfers, or technologically increasing supplies via desalting or conjunctive use of groundwater, surface water and/or desalting. These are all considered pre-planned strategic drought management measures that ensure adequacy of supplies and increase system reliability.
There is a recent trend in natural hazards management towards quantifying the risks of various hazards, their consequences, and in evaluating risk reduction options, especially in the context of climate change scenarios. Risk, typically expressed as a function of hazard and vulnerability (UNISDR, 2011), serves as a measure of anticipated consequences and can indicate an improvement (or not) after the implementation of a mitigation option. In addition, traditional cost-benefit analysis could be used to support the selection of the appropriate measures (Baumann et al., 1998) . Much of this work is done under the auspices of 'vulnerability assessments', which do not provide the same degree of analytical rigor in evaluating cost-effective risk-reduction options, as for example, the traditional water resources project justification procedures of the World Bank, Corps of Engineers or Bureau of Reclamation. The problem is that the relation between vulnerability and risk is not commutative: reduced vulnerability always means reduced outcome risk, but reducing the outcome risk does not always reduce vulnerability. (Sarewitz et al., 2003) .
A good part of this asymmetry can be attributed to the manner in which the quantification of risk is used in normative economic analysis as part of conventional project justification. Stakhiv (2011) delineates a 'quadruple discount dilemma' in the manner in which extreme hydrologic risks are 'discounted' in a typical analysis of water resources project alternatives. Contemporary water project justification criteria are generally incompatible with the search for 'no regrets' climate adaptation solutions that reach out far into the future under very uncertain, non-stationary climate scenarios. The socio-economic effects of uncertain, low probability-high consequence events, such as extreme floods and droughts, are sequentially discounted by the choices of probability distributions that diminish the importance of low probability events (Haimes, 2004; Botterill & Cockfield, 2013) . The economic consequences of such low probability events are further discounted when the economic discount (interest) rate that is typically used for benefit-cost analysis is too high for dealing with adaptation mechanisms for intergenerational phenomena such as climate change, and associated increases in drought duration, intensity and variability.
Analyzing vulnerabilities and evaluating drought management options from a risk-analytic perspective is quite difficult, because of the ill-defined and slowly evolving characteristics of drought and its many intertwined meteorological, hydrological, agricultural, economic and social facets. Hence, there are many drought policy incentives and measures that focus on preventive measures that contribute to vulnerability reduction, but not necessarily 'risk reduction', i.e. reducing physical consequences and mitigating the socio-economic impacts. For example, 'drought triggers' (Palmer et al., 2002) are threshold values for a series of escalating actions usually based on water quantities (reservoir or river levels, streamflow, rainfall deficits, etc.). They are not based on quantitative risk analysis, using probabilities, since drought intensity, duration and extent are very difficult to quantify in probabilistic terms. Hence, both preparatory planning actions or a collection of non-structural drought mitigation measures are difficult to evaluate within a traditional benefit-cost framework that is typically used to justify structural projects. In this case then, more rigorous assessment and evaluation protocols need to be developed that quantify vulnerability reduction in quasi-risk-cost terms (Fontaine & Steinemann, 2009) .
In general, though, strategic drought management is about reducing future drought vulnerabilities and risks, employing the principles and tools of risk-benefit-cost analysis (Baumann et al., 1998) . Tactical drought management focuses on reducing local vulnerabilities once a drought has been recognized, while emergency drought management focuses on reducing and mitigating the worst effects of drought on vulnerable segments of the population and priority uses during a drought (Stakhiv, 1976; IWR, 1993) .
The hierarchy of drought management practices
Drought management practices reflect the governance structures within which they are deployed. Not every sensible idea can be employed with uniform effectiveness in every state of the US. Each state is a laboratory for implementing drought management measures that are compatible with its laws and management priorities. As Rogers (1993) noted, in any complex system of governance, there are many discrete levels of management options that exist -a vertical hierarchy, consisting of top-down federal and state policy-setting and regulatory controls to the lowest units of users, such as irrigation districts, industry and self-supplied users, as well as a 'horizontal system' of integration, that coordinates uses, actions and drought management measures at the local or sub-state levels, in a given area.
This governance complexity is why Rogers (1993) questioned whether a 'national water policy' could ever be effective in a complex 50-state, federal governance system. Each vertical level of governance, has a corresponding horizontal system of coordination, matched with a somewhat different array of tools, policies, authorities and responsibilities, so it is very difficult to generalize about the effectiveness of drought management policies and programs at any of these levels, especially in the context of a very dense and dendritic network of federal regulations and authorities exercised by a wide array of federal agencies. A 'national policy' would do little to correct the many inconsistencies in federal law that prevent more flexible responses to drought management by the states and federal agencies. That requires a comprehensive 'organic' legislative act.
It is important to understand that there exists a hierarchy of drought management measures, which overlap, to a certain degree, as in a Venn diagram (Knutson et al., 1998) . Strategic measures, i.e. those that expand water availability or capacity, are proven to increase the reliability, flexibility and robustness of a system, and form the fundamental core of drought management. They are the foundational components of 'water security', by reducing vulnerability to unforeseen periods of drought. Tactical measures are those that increase an existing system's effectiveness in delivering water supplies, and improving efficiencies in use, and comprise those measures that contribute to system resiliency in withstanding a drought, and hastening the recovery from a drought episode. Emergency measures are inherently those associated with unforeseen drought conditions, or those that exceed the designed capacity of a given system. Strategic water (drought) management is forward looking, anticipating supplies and demands 30-50 years from now, and includes both supply and demand aspects -developing or augmenting supplies and implementing long-term demand management measures. Thus, water supply planning and state laws governing the right to use water are key parts of strategic drought management, such as conjunctive use of surface water supplies and storage with groundwater. Strategic drought management should also include both tactical and emergency actions (US Army Corps of Engineers, 1976; IWR, 1995) . However, tactical response measures generally are associated with modifying the rules and regulations associated with an existing water storage and delivery system, either as reallocation of water storage in reservoirs or changing the operating rules of a system during a predefined sequence of emergency measures.
Tactical measures are inherently associated with altering the short-term or permanent operation of an existing supply system, or temporarily changing the rules and requirements for drought aid, or modifying environmental regulations or water withdrawal criteria associated with a particular river, groundwater aquifer, region or situation, in order to enhance water supplies and ease delivery to drought stricken areas. Emergency drought management generally deals with an orderly curtailment of demands, and/or a reallocation of existing supplies towards higher priority needs, as determined by the political system (IWR, 1995; US Army Corps of Engineers, 2011) .
Drought contingency plans are part of a suite of measures that comprise a preparatory subset of responses usually based on a set of pre-determined hydro-meteorological or capacity 'triggers' for initiating a series of actions depending on the circumstances of particular drought but according to a strategy for dealing with all future droughts (IWR, 1995; Palmer et al., 2002) . When the drought exceeds the capacity of the existing water supply system and planned measures are inadequate, emergency measures must be taken, such as graduated demand curtailments or temporary water transfers. The interplay of these three levels of management is driven in part by forecasts of future supply and demand (IWR, 1995) .
Federal water management agencies have been under a great deal of external scrutiny these past 30 years, as well as Congressional oversight and Executive Branch implementation pressure to adapt rapidly to emerging and ever-changing constructs of sustainability, ecological restoration, risk management and climate adaptation. As a consequence, most Corps reservoirs, as well as those of the Bureau, have expanded their formal system of adjusting ever-changing policy requirements, within a framework defined as the 'reservoir master manual' (US Army Corps of Engineers, 2016). There are many opportunities for updating the drought and flood contingency plans based on new information that could improve the overall resiliency, robustness and reliability of an existing water delivery system.
At the federal level, all federal agencies coordinate their drought management actions so that they are applied in a reasonably consistent manner and reinforce one another. In that respect, there exists a collection of 'federal' water policies that are applied consistently, if not entirely uniformly. Hence, the recent Obama Executive Memorandum (White House, 2016a House, , 2016b on 'Building National Capabilities for Long-Term Drought Resilience', referred to the implementation authorities of federal agencies to initiate and promote several aspects of drought management that fall within the authorities of federal agencies. This Executive Memorandum was, in effect, a policy to enhance the planning and preparatory aspects for subsequent drought management actions by the agencies of the Federal Government, in support of state and local authorities that are charged with drought management. This was a federal policy that largely dealt with tactical rather than strategic drought management measures, i.e. the available tools and mechanisms that could be marshalled to improve planning by the states and local agencies in preparation for, and monitoring and responding to, the next drought, relying on existing legislative authorities and federal programs.
However, while the Federal Government has been proactively advocating anticipatory drought risk management approaches, and implementing them within their own respective programs, the states have been somewhat slower in adapting these policy initiatives. According to a recent study by Fu et al. (2013) , which examined 44 state drought plans, nearly all states have developed drought plans, suggesting that these plans would be effective in reducing drought losses, to some extent. However, most of these plans were developed to facilitate drought responses, during and after a drought event, and such a crisis management approach toward droughts still lacks the necessary proactive risk-management strategic dimensions.
A similar recent appraisal focusing on the drought preparedness programs of the 19 western states (Fontaine et al., 2014) , found the state approaches were comparable to those reviewed by Fu et al. (2013) . Few states conducted post-drought assessments to prioritize the most vulnerable areas, and fewer still undertook strategic studies to reduce the risks and mitigate the impacts of future droughts. Most of the drought preparedness protocols were geared towards drought formal declarations that were required by the Secretary of Agriculture for federal disaster designation and assistance. To qualify for a federal drought disaster designation, states need to assess drought impacts at the county level, within each state.
Although many of the state drought preparedness plans include mitigation (i.e. strategic) measures that require new capital intensive water supply projects and/or conveyance infrastructure, as well as new legislation that would ease regulatory restrictions during a drought, neither Fu et al. (2013) , nor Fontaine et al. (2014) found much evidence that there was any substantive follow-up on assessing post-drought performance as the basis for planning mitigation measures in anticipation of the next drought.
A somewhat different, more strategic approach was exhibited by the federal system in 2000, in mustering the authorities of all the federal agencies to ameliorate and mitigate the impacts of that recent Midwest drought of 1998. In July 1998, the 105th Congress enacted Public Law 105-199, the National Drought Policy Act. This law established 'an advisory commission to provide advice and recommendations on the creation of an integrated, coordinated Federal policy designed to prepare for and respond to serious drought emergencies'. The law directed the Commission to 'conduct a thorough study and submit a report on national drought policy'.
The National Drought Policy Commission (NDPC, 2000) Report, 'Preparing for Drought in the 21st Century' was issued in 2000. Improved interagency coordination is invariably one of the most predictable of all report recommendations, as is information sharing, which was the focus of the NDPC. Nevertheless, the NDPC Report stands as one of the best sources of contemporary policy advice, noting that '…drought preparedness and mitigation actions formed the cornerstone of the Commission recommendations'. The report, however did not mention increasing water supplies through storage capacity expansion, interconnecting existing supplies, or building new conveyance facilities for inter-basin transfers, because the Commission, consisting largely of Federal agency heads, focused on the inherent existing and legislatively constrained authorities and programmatic capabilities of federal agencies, and did not propose new legislation. The following Policy Statement was prominent in the Executive Summary of the NDPC:
'The Commission believes that national drought policy should use the resources of the Federal Government to support but not supplant nor interfere with state, tribal, regional, local, and individual efforts to reduce drought impacts. The guiding principles of national drought policy should be: 1. Favor preparedness over insurance, insurance over relief, and incentives over regulation. 2. Set research priorities based on the potential of the research results to reduce drought impacts. 3. Coordinate the delivery of federal services through cooperation and collaboration with nonfederal entities. This policy requires a shift from the current emphasis on drought relief. It means we must adopt a forward-looking stance to reduce this nation's vulnerability to the impacts of drought. Preparednessespecially drought planning, plan implementation, and proactive mitigation -must become the cornerstone of national drought policy.'
While the role of the states has grown in drought preparedness, as their technical capabilities have increased over the past 30 years, partly in response to citizen demands on their resources, the states have been relatively weak in grappling with strategic drought management needs. Preparedness inherently assumes a status quo availability of water during a drought -it merely develops a set of options and priorities for allocating scarce water. Structural measures, such as reservoirs, pumping stations, pipelines for interconnections and river diversions are costly, and federal benefit-cost procedures have been substantially modified to limit such projects, and federal cost-sharing for such projects has declined markedly during the past two decades. Finally, concern for the environment, and the voices of many powerful environmental interest groups, have stymied such structural measures repeatedly, as can be seen in California, for example (Hanak et al., 2011; PPIC, 2016) .
Nevertheless, it is clear that the Federal Government plays a substantial role in drought management, and states often look to a more prominent federal role in order to overcome their own internal political difficulties in implementing reforms (IWR, 1995) . It is an uneasy partnership that tries to protect a state's right and sovereignty, while demanding ever more federal resources to improve each state's water security.
The components of a prospective National/Federal drought policy For reasons specified earlier, we have to differentiate between a 'national' policy that would encompass both the roles of the states and the Federal Government, from a conceptually simpler 'federal' policy, which would only address the roles and authorities of federal agencies in providing the enabling institutional, operational and financial support to the respective states for drought preparedness activities. The recent 5-year California drought, along with the 15-year Colorado river drought and other comparable instances in the southeastern US, centering on the city of Atlanta's struggles with downstream states in allocating water for its growing municipal needs (Abrams, 2009) , exposed the real problem of a wide array of rigid federal laws that cannot readily adjust to changing socio-economic circumstances and drought management needs.
If a federal drought policy for the future were to be developed, what would be its key features and components? Much of what exists in the US is essentially about tactical drought management measures: preparing for a drought with an existing water availability infrastructure that requires curtailments in water use and deliveries to satisfy priority needs (Knutson et al., 1998) . The existing federal and state drought preparedness policies and programs are adequate for coordinating actions during and after a drought. A federal drought policy that addresses future national water needs under increased climate variability would have to consider drought management within the broader context of enhancing national 'water security' for a growing population that is increasingly concentrating in urban centers.
This prospective or hypothetical federal policy, presumably developed by a future Presidential 'Drought Management Commission', would promote a re-evaluation of existing, higher-level water allocation agreements at the river basin scale that have been previously legislated by Congress and adjudicated in courts. It must deal with the very real issues of state sovereignty in water management, and the profound differences between western appropriative water law and eastern riparian water laws. It should foster and provide incentives for new drought management elements and technological advances, such as water banking, and including desalinization, conjunctive groundwater use and broader use of insurance programs. It should foster state water management compacts for shared interstate resources, as for example the Great Lakes-St Lawrence River Water Resources Compact, enacted by Congress in 2008, and signed into law by President Bush.
A prospective Drought Management Commission, however, would have to tackle the plethora of existing conflicting laws and barriers to effective federal-state management of existing water resources, as highlighted by the recent problems in California. Unlike the NDPC (2000), which confined itself to improving the delivery of federal drought management services during and after a drought, a prospective Commission must deal with untangling the myriad of existing laws that hamper the rapid delivery of services and are inflexible in responding to drought emergencies, such as those in California or the Colorado basin.
Certainly, a model national drought management policy could be drafted, but it would be very difficult to implement at the 50-state national level. It would be easier to start at the coordinated federal agency level, via an EO. The WMO & GWP (2014) drafted guidelines for a national drought management policy development process. In fact, the guidelines essentially addressed how to organize a commission or committee to develop such guidelines. However, the underlying objectives for such guidelines were mostly the consideration of tactical measures, not a comprehensive water security approach.
Of course, each US federal resources management agency has developed and possesses its own drought management strategies for the resources it is responsible for managing. Thus the US Forest Service (2016) has developed its own strategy, as has the Natural Resources Conservation Service (NRCS, 2015) , and the Bureau of Land Management (BLM, 2013) , among the many US federal agencies. While this is a considerable degree of overlap between the drought management policies of water resources agencies that are responsible for water supply and deliveries to the municipalities, farms and irrigation districts, clearly there is a very wide array of land-based drought management practices that cannot be covered here that would encompass farming practices and rangeland management, as well as forestry practices.
Conclusions
Drought is a pervasive condition in many arid and semi-arid nations, and is an occasional problem in the US. In general, the US does not have serious drought management problems, as yet. But it could get worse, as the uncertainties of climate change begin to manifest themselves, especially in the semi-arid western US, disproportionately affecting already stressed urban metropolitan areas. California's response to such changes may serve as guides for other states and nations.
Current federal drought policies are sufficient to deal with contemporary drought management problems, and improved delivery of federal aid and services to drought-stricken areas, and states are increasingly better prepared in dealing with droughts. The major discord between the federal agencies and states lies in the relative inflexibility of existing federal laws governing the operation of federal water projects and federal regulatory standards, to rapidly and effectively assist the states in meeting unforeseen circumstances during a drought. A 'national policy' will do little to correct the many barriers and inconsistencies in current federal law that prevent more flexible responses to drought management by the states and federal agencies. In that respect, the creation of a national drought management policy is essentially superfluous, because what is really needed is a Presidential Commission that is able to recommend changes to the numerous existing overlapping laws that hamper federal-state cooperation during drought episodes, and are too rigid to offer any substantive relief during emergency conditions.
The humid areas of the eastern US have a different type of drought management problem from the Midwest or southwestern US. Concentrated population centers require water deliveries from distant watersheds. The problem of eastern municipal areas is one of adequate water storage, and delivery reliability. The 17 western states, mostly semi-arid, are closer in drought management practices to those of developing nations, and can be used as models for effective responses to water security, and inherently to drought management.
From the standpoint of searching for practical management alternatives, there are about ten feasible and cost-effective strategic drought management measures that are likely to have the greatest overall benefit in the near future in enhancing state and regional 'water security', beyond what is called for as part of improved federal drought management coordination and data sharing (IWR, 1995) . Most fall within the responsibilities of local communities and states, and do not require federal assistance:
1. Regionalize small private and public water utilities via interconnections to increase flexibility, reliability and lower costs (economies of scale). 2. Price water to reflect costs associated with operation, maintenance and long-term capital recovery costs and environmental costs. 3. Foster improvements and cost effectiveness for desalting technologies and portable systems for small towns as well as conjunctive use of groundwater and surface water supplies. 4. Continue improving real-time, satellite forecasting techniques to provide more reliable information for rational and measured drought contingency responses. 5. Adapting to climate change and its uncertainties demands more storage for ultimate water security. 6. Expand water trading and marketing, and water banking. 7. Expand cost-effective water use efficient technologies, and wastewater recycling for outdoor uses, lawn watering, etc. 8. Update all reservoir management master plans and associated drought contingency plans to include climate scenarios and recalculate 'safe yields' for water supply and other purposes. 9. Large municipal water supply utilities must continuously update their water supply drought contingency plans under a variety of climate change scenarios, as a preparatory activity. 10. Continue to focus on increasing efficiencies in irrigation water use, as this is the largest user of water in the western US.
